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AbstrAct
Potatoes and potato products are used on a large scale, mostly by children. The study was conducted on snack food in Quetta city for the 
first time. This study collected different brands of potato products from Quetta City, such as Lays, potato chips, Lays wavy, and slanty. This 
study aimed to determine the concentration of iron, copper, sodium, manganese, and nickel using an atomic absorption spectrometer. The 
findings indicated significant differences in metal concentrations. Copper concentration was highest in potatoes (0.011 ± 0.001 mg/L), 
while iron and sodium accumulations were highest in potato chips (0.910 ± 0.02 mg/L and 41.710 ± 0.0076 mg/L, respectively). In contrast, 
manganese concentration was determined to be higher in Lays wavy (0.024 ± 0.003 mg/L), and nickel level was again assessed highest 
values in potato chips (0.170 ± 0.02 mg/L). However, nickel was not detected in Lay samples. The overall result was found in the range of 
FAO/WHO values. However, further research is required to study the impact of snack foods on human health.
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IntroductIon 

The fast changes in our lifestyle and advancements in the food industry 
have led to an increased intake of ready-to-eat foods like potato 
chips, especially among children.1 these foods are highly convenient 
and readily available in stores. However, it is crucial to evaluate the 
amount of heavy metals present in these foods.2 These heavy metals 
are unwanted substances that can get into our food during any step of 
the production process, from farming to manufacturing and packing. 
Heavy metals can slowly build up in vital body organs, leading to 
serious health problems.3 Potato chips contain diverse heavy metals 
including iron, manganese, zinc, cobalt, copper, etc. iron, cobalt, 
manganese and zinc are the essential metals because these are needed 
for the body to perform proper functions.4 Lead and cadmium are 
considered harmful even at very low concentration.5 Iron plays an 
important role in producing haemoglobin and myoglobin, the type 
of protein that carries oxygen to various body parts in the human 
body.6 It also forms certain enzymes and makes red blood cells in 
the human body.7 Iron deficiency can cause anaemia, a condition 
in which the body fails to form haemoglobin and myoglobin. As a 
result, body parts get less oxygen, leading to tiredness and illness.8 
Moreover, iron deficiency causes early childbirth or low birth weight 
in pregnant women.9 Some other studies have also indicated that a 
deficiency of Iron affects the growth of children and the development 
of the brain in children.10

Contrarily, iron toxicity is a result of an overdose, manifesting 
symptoms in progressive stages. Iron often commences with 
gastrointestinal indicators such as emesis, hematemesis, diarrhoea, 
and abdominal discomfort.11 Further progression yields intense 
symptoms, including tachycardia, hypotension, and failure of organ 
functions, liver cirrhosis, gastric obstruction, coma, and ultimately 
death in extreme cases.12 Particularly under threat are children due to 
their heightened sensitivity and severity of iron toxicity. On the other 
hand, cadmium, which lacks any recognized biological roles and is 
resistant to degradation, consequently accumulates in food chains. 

Heavy metals may pose potential toxicity hazards eve at very low 
concentration.5 The detrimental impacts of cadmium poisoning affect 
cardiovascular and immune systems and renal functions. In addition, 
it hinders calcium and vitamin D metabolism, potentially resulting in 
disorders like osteoporosis and inducing hemolysis. It is recognized 
as a carcinogenic agent.13 Given the implications of Iron’s essentiality, 
its extensive application in agricultural and industrial segments, and 
the risks posed by cadmium, especially to children. This current study 
aimed to detect the accumulation of selected metals in potatoes and 
their products, such as Lays, Lays wavy, potato chips, and Slanty, 
because children use these products on a large scale. 

eXPerIMentAL

reagents

The reagents employed in the current study were of analytical grade. 
Ultra-pure distilled water was employed as the solvent for all dilutions. 
Concentrated nitric acid (NHO3), perchloric Acid (HCLO4), and 
sulfuric acid (H2SO4) obtained from Merck were of high purity. 
The plastic and glassware used in the experiments were cleaned 
thoroughly by soaking them in 20% HCl and then rinsing them with 
distilled water. For calibration purposes, standard solutions of the 
metal ions under analysis were prepared by diluting their respective 
stock solutions of 1000 mg/L, purchased from Merck.

sample collection and Preparation

Potatoes and Potato products, including chips (potato chips) and 
varieties of Lays (Lays, Lays wavy), were obtained randomly from 
Quetta City. The samples were collected in plastic bags and transported 
to the lab. The samples were cleaned with ultra-pure deionized water 
to remove any impurities. Later, the potato samples were dried 
in an oven at 80 0C until the constant weight was obtained. All the 
samples were powdered finely using a pestle and mortar and kept for 
further processing. Figure 1. is the schematic diagram of the research 
methodology.
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Acid digestion

1 g of the dried and finely powdered samples was weighed and 
transferred into a beaker. It was then treated with a 10ml mixture of 
concentrated acids (HNO3, HCLO4, and H2SO4) in the ratio of 5: 1:1 
for digestion, following a previously reported protocol with slight 
changes.14 The mixture was heated at 75 0C for roughly 20 minutes, 
allowed to cool, and then filtered using a Whatman paper No. 42. The 
filtrate was diluted using extremely ultra-pure deionized water until it 
reached a 50 ml volume and kept for further study.

Analysis of the samples

The various elements were analyzed by using an atomic absorption 
spectrometer (AAS, Thermo-Electron Corporation, S4 AA System, 
and S. No, GE711544, China) double beam and deuterium background 
hollow cathode lamps of Fe, Mn, Na, Ni, and Cu were used at specific 
wavelengths.

Validation of analytical procedure

The suggested methods were validated by calculating the limit of 
detection (LOD) and the limit of quantification (LOQ) using the 
calibration curve. For the calculation of LOD and LOQ, the following 
two equations, 1 and 2, were used previously.15 The solution of 
1000 mg/L concentration was used. 

LOD = 3 × (σ/s)     (1)

LOQ = 10 × (σ/s)     (2)

“σ” represents the standard deviation of the response or standard 
deviation of y-intercepts.

resuLts And dIscussIon

Potato and snack food like Lays Lays wavy, slanty and potato chips 
are used on a large scale by children in Quetta. These snacks may 
be contaminated in different ways, including cooking methods, 
manufacturing processes, etc. The current study indicated the presence 
of the metals of interest in the snack foods collected from Quetta. 

The mean concentration values of the elements (Fe, Mn, Na, Ni, 
and Cu) obtained by using an atomic absorption spectrometer are 
displayed with their (±) standard deviation in Table 1. The iron 
(Fe), manganese (Mn), sodium (Na), nickel (Ni), and copper (Cu) 
concentration values ranged from 0.31 mg/L to 0.91 mg/L; 0.011 
to 0.023 mg/L; 6.42 to 41.71 mg/L; 0.047 to 0.17 mg/L; 0.0005 to 
0.011 mg/L respectively in different snack foods like Lays, potatoes, 
Lays wavy, slanty and potato chips.

The limits of detection (LOD) and Limits of quantification (LOQ) 
were evaluated for different metals (Fe, Mn, Na, Ni, and Cu) analyzed 
in the study, which are shown in Table 2. The LOD and LOQ values 
denoted the least concentrations of the elements that can be reliably 
detected and quantified, respectively. For instance, the LOD for 
Fe is 0.2 mg/L, which means that any concentration below this 
limit cannot be accurately detected. On the other hand, the LOQ is 
0.9 mg/L, indicating that accurate quantification is only possible for 
concentrations above this limit. This pattern is similar for the other 
metals, with the magnitude of LOD and LOQ varying with each metal.

Table 3 shows the wavelength, slit and fuel flow of iron, manganese, 
sodium, nickel and copper. The wavelength of different metals ranged 

Table 1. Measurement of elements in Lays, potatoes, Lays wavy, Slanty and potato chips.

Samples
Metal (Mean ± SD* )

Fe+2 (mg/L) Mn+2 (mg/L) Na+ (mg/L) Ni+2 (mg/L) Cu+2 (mg/L)

FAO/WHO 425.5 500 - 67.9 73.3

Lays 0.31±0.04 0.013±0.002 29.54±0.003 ND** 0.007±0.001

Potato 0.42±0.01 0.016±0.003 6.42±0.0.005 0.13±0.02 0.011±0.001

Lays wavy 0.34±0.02 0.024±0.003 31.63±0.005 0.071±0.003 0.0039±0.0002

Slanty 0.48±0.03 0.011±0.001 34.63±0.003 0.047±0.002 0.0005±0.0001

Potato Chips 0.91±0.02 0.011±0.001 41.71±0.008 0.17±0.02 0.0006±0.0001

SD*- Standard Deviation; ND** - not detected.

Figure 1. Schematic diagram of Research Methodology
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from 232 nm to 589 nm. A shorter wavelength shows higher energy 
radiation, while a longer wavelength indicates higher energy radiation. 
However, a slit of different metals remained constant (0.2 nm) 
throughout, which showed similarity in experimental conditions. The 
fuel flow of the detected metals ranges from 0.9 to 1.2 L/min. This 
indicates that different elements require different temperatures.  

The average values of copper has a significant difference in Lays, 
Potato, Lays wavy, Slanty, and potato chips. The potato sample had 
the greatest copper accumulation with a value of 0.011 ± 0.001 mg/L. 
Secondly, the Lays sample indicated a faintly higher level of 0.007 ± 
0.001 mg/L. The Lays wavy and Slanty samples contained lower copper 
accumulations, with values of 0.0039 ± 0.0002 mg/L and 0.0005 ± 
0.0001 mg/L, respectively. While potato chips sample had the lowest 
copper level, with values of 0.0006 ± 0.0001 mg/L. However, the 
detected amount of copper in all samples was found within the range 
of permissible limit (73.3 mg/L) set by FAO/WHO. The variation in 
the concentration of copper among the different samples may be due 
to various factors like cooking methods, the types of potatoes used, 

etc. Copper is an essential micronutrient for the body, but excessive 
intake can be harmful.16 Hence, it was necessary to conduct a study for 
the copper analysis in various snack foods mostly used by children.

A significant difference was observed in the concentration of 
manganese among various snack food samples. The Lays chips 
contained 0.013 ± 0.002 mg/L of manganese, somewhat lower than 
the potato chips, which contained 0.016 ± 0.003 mg/L. Manganese 
concentration was significantly highest in the Lays wavy chips, with 
a value of 0.024 ± 0.003 mg/L. Moreover, slanty and the potato chips 
were measured with similar concentrations at 0.011±0.001 mg/L. The 
difference in manganese concentration among the samples may be 
due to the quality of potatoes used as raw material and encompassing 
the manufacturing process. Manganese plays a vital role in body 
functions such as metabolism and bone development.17 However, 
the excessive intake of Mn may cause a health risk. Therefore, it is 
vital to be conscious about the snack containing manganese. It was 
observed that detected level of manganese was within the tolerable 
range (500 mg/L) in all samples set by FAO/WHO.

Figure 2. Concentration of metal ions: (a) Fe+2; (b) Mn+2; (c) Na+; (d) Ni+2; (e) Cu+2 in potatoes, lays, lays wavy and slanty

Table 3. Operating parameters of atomic absorption spectrometer used in 
metal analysis

Metal Wavelength (nm) Slit (nm) Fuel flow (L/min)

Fe+2 248.3 0.2 0.9

Mn+2 279.5 0.2 1

Na+ 589 0.2 1.1

Ni+2 232 0.2 0.9

Cu+2 324.7 0.2 1.2

Table 2. Analytical evaluation parameters for different elements

Metals LOD* (mg/L) LOQ** (mg/L)

Fe+2 0.2 0.9

Mn+2 0.003 0.01

Na+ 0.6 2

Ni+2 0.003 0.01

Cu+2 0.0003 0.001

LOD*- Limit of Detection; LOQ**- Limit of Quantification
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The accumulation of iron was found to be the highest in the potato 
chips sample (0.91 mg/L), followed by the slanty (0.48 mg/L), potato 
(0.42 mg/L), Lays wavy (0.34 mg/L), and finally, Lays (0.31 mg/L). 
Diversity in the concentration of iron in different snack foods analyzed 
may be due to several factors, such as the raw materials used and the 
manufacturing process. It may also be due to the differences in soil 
quality where the potatoes are cultivated, which may cause variation 
in the levels of iron, as iron accumulation in the soil affects its uptake 
in plants.6 Additionally, the method of cooking and ingredients added 
during the processing phase can vary the iron concentration in the final 
product. However, iron level was found in the range of permissible 
limit (425.5 mg/L) fixed by FAO/WHO. 

Lay chips contained a sodium concentration of 29.54 ± 0.0025 mg/L, 
obviously more significant than the potato sample, containing 
6.42 ± 0.0.0045 mg/L. The Lays wavy chips have been detected 
with a slightly higher Na level of 31.63 ± 0.0045 mg/L, while the 
Slanty sample exhibited the highest sodium accumulation of all with 
34.63 ± 0.0025 mg/L. Finally, the potato chips showed the maximal 
concentration of Na, at 41.71 ± 0.0076 mg/L. From this observation, 
it can be derived that the potato chips and slanty samples indicate 
the highest sodium level, narrowly followed by Lays wavy. The 
Lays chips comprise a moderately elevated concentration, while the 
Potato sample shows the most minor Na accumulation. This analysis 
highlights the diversity in sodium level indexed to diverse samples 
with a noticeable increase from potato to potato chips.

The nickel content was detected in Lays, potato, Lays wavy, slanty 
and potato chips. Notably, the nickel concentration was not detected in 
the Lay sample. The “potato” snack indicated nickel, averaging 0.13 
mg/L. it indicated this snack would contribute to dietary nickel intake 
compared to the “Lays” sample. The “Lays wavy” variety displays 
an average nickel accumulation of 0.071 mg/L, which is between the 
“Lays” and “potato,” while “slanty” offers slightly less nickel content at 
0.047 mg/L. “potato chips” contained the highest nickel concentration 
among the samples at 0.17 mg/L. Hence, we can conclude that “potato 
chips” intake contributes the most to dietary nickel intake, while 
“Lays” would contribute the least. Overall, nickel concentration was 
detected in permissible limit (67.9 mg/L) set by FAO/WHO.

concLusIon

This study showed the presence of all the detected metals in potatoes 
and its commercial products such Lays, Lays wavy, chips and slanty. 
Different concentration of the selected metals were found in different 
brands of the samples examined. The variation among the samples 
were due to various factors such as agricultural land soil, cooking and 
processing methods. The results on comparison with permissible limits 
set by FAO/WHO showed that all the detected metal concentrations 
were within the standard values. Therefore, it is concluded that 
consumption of potatoes and its products are safe to intake.
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